P. R.:
There is perhaps a rather more extreme situation which might be of interest. It is in stacked thylakoids, where it is clear that Photosystems I1 and I become quite separated and one needs a mobile component there over a really very large distance and I worry about the speed required for that particular electron transfer. Tony Crofts: In the chromatophores we can get a rough idea of what the mobility of the quinone is from its behaviour. We look at the lag before the bc complex gets its electron from the reaction centre at high redox potential, and that gives the diffusion coefficient as of the same order as Peter Garland has just mentioned, 10-9cm2. s-': rather lower than what one would expect for a lateral diffusion constant only, and it might include the diffusion of the head group across the membrane. P. R.: Would you expect that t o be as slow?
T. C.:
The apparent diffusion coefficient that we measure has several components; the leaving time for the quinone from the reaction centre, the diffusion from the reaction centre to the bc complex and the flip across the membrane of the electroncarrying group, if that is required. I would imagine that the flip is the slowest of those, since we can measure the leaving time, and that is not rate-limiting, and the diffusion time of small molecules is generally rather higher than the apparent diffusion coefficient that we get. Bdan Chappell: You imply that the body of the phospholipid bilayer is an aprotic medium and this is very often found in the literature, but I call this into question. Phospholipid membranes are known to be very permeable to water and water gas would be able to get across those membranes very quickly and therefore to rule out certain mechanisms may not be correct. There is plenty of water there. P. R.: Well, I think the important point is the effective pH within the membrane. As one goes to more acid pH, and also as it becomes more difficult to get ionic species.. .
B. C.:
Yes, but they would be ion-paired. If you have got a semiquinone free radical it could react with a water molecule, and produce that plus a hydroxyl, and the things would in fact be balanced, and in that way I think it would be possible to get electron conduction. The second thing I wanted to ask was, why has Nature gone to all this trouble to put this enormously long hydrophobic tail on these things, and then one implies that the quinone can flip across the membrane. If you wanted to do that surely it would be better to have a much shorter tail. P. R.: I think that the hydrophobic tail is one of the most mysterious parts. It seems clear that there isn't a specific side-chain length, based first of all upon the naturally occurring quinones that can vary from Q, to Q,, and secondly the reincorporation studies that can usually use anything from Q, to Q,,, and the electron-transport chain can apparently work just as well.
B. C.: Yes, but Nature has selected for long side chains: both 7 and 10 are long chains in respect to the width of the membrane. P. R.: Well, until we can find a function which changes when we change the side-chain lengths we are not going to be able to say very much about the role of the side chains.
T. C.:
The question has come up in the past of whether there is a bucket-brigade mechanism in the electron pathway through the quinone pool and in experiments with the Melandri's laboratory we have extracted the quinones until there is on average only one mobile quinone per bc complex, and what we find is that the electron-transfer rate from the reaction centre to the bc complex is the same in these preparations as it is in the unextracted chromatophores when the quinone pool is oxidized and only one quinol is introduced into the pool. So this suggests that the presence of the bulk quinone in the pool doesn't affect the rate at which reducing equivalents get to the complex. That is, that it is a diffusional process rather than a bucket-brigade process. This rather supports your argument. Douglas Kell: If one does the experiment, this has been done in chromatophores, where you do an electrochemical experiment with the electrode and you do the cyclical voltamogram just like you displayed for the quinol: they are entirely electro-inactive unless you disperse them in Triton, and that, would not you think, is somewhat unexpected if there is a lot of bulk quinone with its head groups off the membrane surface. P. R.: Well, the problem there is that to get an electrodic process to occur efficiently, the problem is getting something up to the electrode surface. Now, when the thing is in a membrane it depends on the exact structure of the membrane and its surroundings as to whether any electron transfer will occur at all. I must say, I don't find it surprising in any way that something inside a membrane doesn't interact with the electrode surface even although its electrodic reaction may be occurring at that (the membrane's) surface. chain components can meet with each other in order to effect the transfer of electrons from donor to acceptor. For instance, the components could be organized into multienzymic complexes, each a complete respiratory ensemble. Alternatively the components could be randomly distributed in the membrane bilayer and come together by diffusional collision. Measurements of the rotational and lateral diffusional coefficients (D, and DL) would discriminate between such models just described, and towards this end we have measured D , for two terminal oxidases, cytochrome o and cytochrome a,. Both of these oxidases form 599th MEETING, BIRMINGHAM photodissociable complexes when exposed in the reduced state to CO. Rapid photolysis (<Ips) can be achieved with a flashlamp-pumped dye laser, and the resulting spectral changes measured with a fast kinetic spectrophotometer. With appropriate polarization optics (Kunze & Junge, 1977 ) the laser flash can cause dichroism which decays if the oxidase is free to rotate. The relationship between the decay kinetics of flash-induced dichrosim and the rotational diffusion coefficient for presumably uniaxial rotation of a membrane protein is complex even in the simplest case, and will depend on the angles between the transition dipole moments for the light absorption at the excitation wavelengths (a-band region), the measuring wavelength (Soret region), and the axis normal to the plane of the membrane around which rotation is considered to occur (Cherry, 1979) . Nevertheless, the observed relaxation times for dichroism will correspond to somewhere between D,-l and (4DR)-,.
Most of our measurements were made on Escherichia coli strain MR43/F, gal, which contains about twice as much total cytochrome as most other strains. Flash photolysis was achieved with a Phase-R flashlamp-pumped dye laser operating with Rhodamine G and laser output at 580-590nm. The kinetic spectrophotometer was essentially as described by Garland & Moore (1979) , with the addition of a signal averager. Cytoplasmic vesicles were prepared from harvested cells by Frenchpress treatment and centrifugation. For measurements of flash-induced dichroism the particles were suspended in buffer containing 70% (w/v) sucrose (to inhibit vesicle tumbling), and reduced with dithionite before treatment with CO.
Our results showed that flash photolysis of cytochrome a , (444nm) caused dichroism with a negative anisotropy parameter (ro = -0.07), relaxing with a time constant of about 200-300ps at 22OC. The flash-induced dichroism of cytochrome o (426nm) was positive (r,, = 0.26), but the relaxation time at 22OC was again about 200-300ps. These relaxations were markedly inhibited by pre-treatment with glutaraldehyde.
We conclude that cytochromes o and a , are free to rotate in the cytoplasmic membrane of E. coli. 
DISCUSSION
Bob Poole: I think we share your confusion about the status of the 440nm band in the Soret, but we have more or less convinced ourselves that it is largely a , not d, on the basis of flash photolysis with the hehumheon laser. The aCO band of cytochrome d is quite distinct at about 656 nm. Those sorts of photolysis experiments give virtually no Soret band that we can attribute to the component that is part of the same complex (that we can excite in the a). So I think that although cytochrome d probably has a very weak broad Soret absorbance, most of the signal that we may be seeing, I suspect, is a,. Kell: The problem is whether the residual anisotropy is due either to an a , term or to a population of molecules that may be immobile; how would one predict that temperatures might affect those two possibilities and how might one sort out (which effect dominated)? P. G.: It depends on the process of the aggregation, doesn't it?
You might have a sort of monomer+ligomer thing and the temperature-dependence of that may go one way or the other. The other way that temperature might affect things would be temperature affecting the phospholipid environment. If you lower the temperature, you stop all these things moving. They just freeze up. J. 1.: Did you say that you had a good reason why there should be no rotation around the x-and z-axes? But how about constrained movement, a pitching and rolling? P. G.: You could have what is called wobbling in a cone. That is a difficult one. There are other motions that can occur on the time scale we are thinking about. For an extrinsic probe it could wobble a bit and that could be nanoseconds. Or you could have the slower motion of a whole segment. That could be up to a microsecond. One would expect rotation to be in the manymicrosecond region. Wobbling in a cone requires that the whole molecule be moving, and that requires that the phospholipid molecules are moving away to alow them to do so. The prediction for that is that it would be fast, for phopholipid molecules are fast. So one cannot say absolutely that they are not wobbling, but I think it unlikely, on theoretical grounds. Especially in a molecule where the chromophore is presumably rather tightly held.
F. M. Harold: Have techniques like this been applied to eukaryotic cells at all, where supposedly some of the proteins in the cytoplasmic membrane are tethered? for this seems to be a fairly direct way to find out whether that is in fact true. P. G.: Yes, the fluorescence photobleaching recovery has been widely applied to eukaryotic cells and there has been one splendid controversy between those who say that the immobile fraction is due to cytoskeletal tethering and those who say that it is an artefact caused by the laser bleach. That is the argument between Mat Webb and Mark Bretscher. I think the balance of the argument is in favour of Webb and that there are components that are indeed tethered to the cytoskeleton. Rotation measurements have also been done, but largely on red blood cells. 
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